Investigators have examined children's dental utilization in various settings (e.g., dental offices, emergency departments, operating rooms), but no studies have examined inpatient hospitalizations for non-traumatic dental conditions (NTDCs). The authors examined NTDC-related hospitalization trends in the United States and identified the relationship between complex chronic condition (CCCs) and NTDC-related inpatient hospitalizations. We analyzed data from the U.S. Nationwide Inpatient Sample (2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010) for children ages 3 to 17 years (N = 3,030,970). The predictor variable was number of CCCs (0/1/2+). The outcome variable was whether the child had a NTDC-related hospitalization (no/yes). Covariate-adjusted multivariable logistic regression models were used to estimate prevalence odds ratios (PORs). From 2000 to 2010, there were 17,993 NTDC-related hospitalizations (0.59%) and a slight increase in NTDC-related hospitalizations (p = .049). This increase was not significant in the final regression model. There was no difference in odds of NTDCs for children with 0 or 1 CCCs (POR = 1.08; 95%CI = 0.99, 1.18), but children with 2+ CCCs had significantly greater odds (POR = 1.61; 95%CI = 1.42, 1.83), as did non-White, publicly insured, and lower income children. NTDC-related hospitalizations for children did not increase from 2000 to 2010. Children with 2+ CCCs had the greatest odds of being hospitalized for NTDCs, which highlights the need to develop preventive interventions targeting children with 2+ CCCs.
I n 2008, 1.8% of U.S. inpatient hospitalizations were for dental conditions, resulting in $1.2 billion in related costs . Cellulitis and periapical abscesses (Allareddy et al., 2010) are dental diagnoses commonly associated with hospitalizations for non-traumatic dental conditions (NTDCs). Over 90% of patients hospitalized for a NTDC present with a co-morbidity (Jundt and Gutta, 2012) , which suggests that comorbidities or chronic conditions are important risk factors for NTDC-related hospitalizations.
NTDCs in children are caused primarily by the sequelae of untreated tooth decay, which can be prevented through early diagnosis and treatment. Only 2 publications have focused on pediatric NTDC-related hospitalizations. A 2010 study reported that 16.8% of facial cellulitis patients under age 20 yrs were hospitalized for cellulitis of odontogenic origin (Thikkurissy et al., 2010) . In another study, 9.3% of pediatric emergency department visits for dental problems resulted in hospital admission (Pettinato et al., 2000) . Both studies were based on data from single hospitals, and neither included childlevel measures of chronic conditions.
To date, no studies have examined U.S. pediatric inpatient hospitalization trends for NTDCs. Furthermore, chronic conditions are related to office-based dental care use for children (Chi et al., 2011; Chi and Raklios, 2012) and may be associated with NTDC-related hospitalizations (Jundt and Gutta, 2012) , but this hypothesis has not been empirically evaluated. We examined U.S. pediatric inpatient hospitalization trends for NTDCs and hypothesized that complex chronic conditions (CCCs) and other child-level factors (e.g., age, gender, race, insurance, income) would be associated with NTDC-related hospitalizations.
MEthODs
This was a serial cross-sectional study that conformed to STROBE Guidelines. The analyses focused on U.S. children ages 3 to 17 yrs who were hospitalized between 2000 and 2010 (N = 3,030,970) . We excluded children under age 3 yrs because CCCs, particularly developmental disabilities, are not diagnosed until age 3 (Pinto-Martin et al., 2005) . In addition, tooth decay is the primary etiology of NTDCs and requires time to develop. Including young children would bias our findings by disproportionately overpopulating the number of children with no NTDCs. We analyzed 11 datasets from the Nationwide Inpatient Sample (NIS), which is part of the Agency for Healthcare Research and Quality (AHRQ) Healthcare Cost and Utilization Project (HCUP)
A serial cross-sectional study of pediatric Inpatient hospitalizations for nontraumatic Dental conditions (HCUP, 2013) . The NIS is the largest source of U.S. inpatient hospitalization data. The 2010 NIS, the most recent year, includes over 8 million hospital stays across 1,000 hospitals in 45 states. The University of Iowa Institutional Review Board did not require human subjects review or approval for this study.
study Variables

Outcome Variable
The outcome variable was whether the hospitalization involved a NTDC (no/yes). We defined NTDCs using codes from the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) (e.g., 521, 522, 523, 525.3, 525.9, 873 .63) (Okunseri et al., 2008) in any diagnostic field.
predictor Variable
The main predictor variable was the number of CCCs (0/1/2+). CCCs were based on a non-categorical approach (Stein et al., 1993) and included medical conditions expected to last at least 12 mos and requiring specialized care (Feudtner et al., 2000) . This approach is based on ICD-9-CM codes to identify the following types of CCCs: cardiovascular, respiratory, renal, neuromuscular, gastrointestinal, hematology and immunodeficiency, metabolic, other congenital or genetic defect, or malignancies (Feudtner et al., 2000) . We examined relevant ICD-9-CM codes from any of the diagnostic fields, aggregated the total number of CCCs for each child, and classified each child as having 0, 1, or 2+ CCCs. Previous pediatric medicine publications have used these methods (Feudtner et al., 2001; Simon et al., 2010) .
Model covariates
Five additional child-level covariates were hypothesized as being associated with NTDC-related hospitalizations: age, gender, race, insurance type, and income. Age was classified into 3 categories corresponding to developmental dentition periods (3-5, 6-12, and 13-17 yrs) . Race was originally a seven-category variable (White/Black/Hispanic/Native American/Pacific Islander or Asian/unknown/missing). Preliminary analyses indicated no differences in hospitalizations for non-Whites. To ease interpretation of our models, we collapsed race into 3 categories: White, non-White, and unknown/missing. Insurance type was a three-category variable: private, public (Medicaid/ Medicare), or other (self-pay/no charge). Community income was based on the median income in the child's residential ZIP Code and was a proxy for the child's household income. We used income quartiles. For example, in 2010, we used the following income quartiles: quartile 1 [Q1] ≤ $40,999; Q2 $41,000-$50,999; Q3 $51,000-$66,999; and Q4 ≥ $67,000.
statistical Analyses
We generated descriptive statistics and examined bivariate relationships between model covariates and the outcome variable for each year (2000-2010) by using logistic regression models to derive prevalence odds ratios (PORs) (α = 0.05). Then we ran 11 separate covariate-adjusted regression models for each NIS year. Finally, we combined the datasets and ran 2 multiple variable logistic regression models, which included a covariate for NIS year. The first regression model was used to examine the main effect of each model covariate. The second regression model was used to test our hypotheses and evaluate whether there was an interaction between CCCs and age. All analyses adjusted for clustering by NIS and hospital stratum to account for the complex survey design. Patient discharge weights were used to generate national estimates (HCUP, 2013) . All analyses were completed with the PROC SURVEY LOGISTIC function in SAS Version 9.3 for Windows (SAS Institute Inc., Cary, NC, USA).
rEsults
Descriptive statistics
From 2000 to 2010, the prevalence of CCCs among hospitalized children in the United States increased from 14.3% to 20.3% ( Table 1 ). The proportion of children with 2+ CCC also increased to 2.5% in 2010 from 1.0% in 2000. Nearly 50% of hospitalized children were ages 13 to 17 yrs, 35% were ages 6 to 12 yrs, and 15% were ages 3 to 5 yrs. In 2000, most hospitalized children were privately insured (53.7%), whereas in 2010 most were publicly insured (47.7%).
In 2000, 0.53% of all U.S. pediatric hospitalizations for children ages 3 to 17 yrs involved NTDCs (Table 1) . This increased to 0.65% in 2010. In the bivariate analyses (Table 2) , the following factors were associated with increased odds of NTDCrelated hospitalizations: CCCs, younger age, male gender, non-White race, non-private health insurance, and low income. Results were similar in the covariate-adjusted models ( Table 3) .
The most common NTDC diagnosis codes were 521 (diseases of hard tissue of teeth; 37.1%), 522 (diseases of pulp and periapical tissues; 36.8%), 873.63 (internal structures of the mouth; 19.0%), and 523 (gingival and periodontal diseases; 17.0%) (data not shown). The most common non-dental diagnosis codes for children with any CCCs were 780.39 (convulsions; 10.5%), 204.00 (lymphoid leukemia; 9.3%), 343.9 (cerebral palsy; 8.9%), 288.0 (agranulocytosis; 7.3%), and 780.6 (fever; 7.2%).
Final regression Models
There was a significant increase in the odds of NTDC-related pediatric inpatient hospitalizations over the 11-year study period (POR = 1.01; 95% CI: 1.01, 1.02) (Table 4 ), but this increase was not significant in model 2. In model 1, there was no difference in the odds of hospitalization for NTDCs between children with 0 CCCs and those with 1 CCC (POR = 1.08; 95% CI: 0.99, 1.18). Children with 2+ CCCs had a significantly greater odds of NTDC-related hospitalization than those with 0 CCCs (POR = 1.61; 95% CI: 1.42, 1.83) (Table 4 ). Children ages 13 to 17 yrs and girls were significantly less likely to be hospitalized for NTDCs, whereas non-Whites and non-privately insured children were significantly more likely to be hospitalized for a NTDC. Children living in the highest income communities were significantly less likely to be hospitalized. J Dent Res 92 (8) 2013 In model 2, which included an interaction term between CCCs and age, children ages 13 to 17 yrs with 0 CCCs or 1 CCC were less likely to be hospitalized for NTDCs than were children ages 3 to 5 yrs with no CCC (Table 4 ). Compared with children ages 3 to 5 yrs with no CCC, children ages 3 to 5 yrs and those ages 6 to 12 yrs with 2+ CCCs were significantly more likely to be hospitalized for NTDCs.
DIscussIOn
This is the first published study to examine pediatric inpatient hospitalizations for non-traumatic dental conditions (NTDCs). We analyzed U.S. National Inpatient Sample data from 2000 to 2010 to: (1) evaluate whether there were increases in NTDCs;
(2) examine whether complex chronic conditions (CCCs) were positively associated with hospitalizations for NTDCs; and (3) identify the other factors associated with NTDC-related hospitalizations. We present our main findings below. First, there was no significant increase in the odds of NTDCrelated pediatric inpatient hospitalizations in the United States from 2000 to 2010. Thus, we failed to reject the hypothesis of no increase in NTDC-related hospitalizations. This finding parallels pediatric utilization of emergency departments for dental problems from 2001 to 2008 . One explanation is that office-based dental care utilization rates for children ages 2 to 20 yrs in the United States increased to 77% in 2010 from 71.8% in 1997 (Wall et al., 2012) . Larger proportions of children have access to preventive and restorative dental care services, which may alleviate some demand for hospital-based dental care. However, in light of our current findings, increases in office-based dental care have not reduced NTDC-related inpatient hospitalizations. While the causes for NTDCs are varied, these findings call for improvements in the quality, appropriateness, and timeliness of office-based dental care provided to children. State-level variation in the use of dental care services (Choi et al., 2011 ) may lead to differences in NTDC-related hospitalizations across states. Future studies should examine state-level variation to identify the states in which NTDCrelated hospitalizations have decreased over time and the factors associated with these decreases.
Second, compared with children without CCCs, children with 2+ CCCs had a significantly greater odds of hospitalization for NTDCs, whereas children with 1 CCC were not more likely to be hospitalized for NTDCs. Thus, we rejected the hypothesis of no difference in NTDC-related hospitalizations by number of CCCs. The absence of a CCC-based gradient (i.e., greater odds of NTDC-related hospitalization for children more CCCs) is consistent with previous findings from the dental literature (Beil et al., 2009; Chi et al., 2011a; Iida and Lewis, 2012) . On the surface, these findings suggest that children with single CCCs are not different from children with no CCCs in terms of odds of NTDC-related inpatient hospitalizations. However, children with CCCs are different from children with no CCCs in 2 important ways. First, children with CCCs with a NTDC-related hospitalization most commonly received cancer chemotherapeutics (ICD-9-CM code 99.25) and packed cell transfusions (99.04). Tooth extraction (23.09 and 23.19) was the most common procedure for children with no CCCs, but was third for children with 1 CCC and fourth for children with 2+ CCCs. Thus, cancer appears to be related to hospitalizations for NTDCs for children with any CCCs (further supported by the finding that lymphoid leukemia is the second most common non-dental diagnosis for children with CCCs), whereas tooth decay is the main driver of NTDC-related hospitalizations for children without CCCs. Second, the mean length of stay for children with a NTDCrelated hospitalization was 4.3 days for those with no CCC and 8.1 and 11.0 days, respectively, for children with 1 or 2+ CCCs. Broadly, these findings suggest that the odds of NTDC-related hospitalization, as well as predictors and outcomes associated with hospitalizations, are different for children with and those without CCCs. Children with CCCs are at risk for recurrent hospitalizations for systemic health problems (Berry et al., 2011) , during which time NTDCs may become problematic. A shortage of outpatient hospital dental facilities for children with CCCs (Kerins et al., 2011) and concerns about patient safety may translate to the management of NTDCs within inpatient settings for children with CCCs. Furthermore, our models revealed that children ages 3 to 12 yrs with 2+ CCCs have the greatest odds for NTDCrelated hospitalizations, which supports targeted preventive policies and clinical interventions. Future work should continue to examine the role of CCCs and identify the subgroups of children at greatest risk for NTDC-related hospitalizations.
Third, there were 4 additional factors related to hospitalizations for NTDCs: gender, race, insurance type, and income. Across all 11 yrs and in the regression models, boys had greater odds of hospitalization for NTDCs than girls. Previous work has demonstrated that boys are at greater risk for dental and orofacial trauma-related hospitalizations , but our outcome measure excluded trauma. The reasons for our findings are unclear. A possible explanation is higher rates of untreated tooth decay among boys (Dye et al., 2007) . Future work should examine underlying causes of gender-based disparities in dental disease and NTDC-related hospitalizations. The other 3 factors related to hospitalization for NTDCs (non-White race, non-private health insurance, low income) are consistent with previous findings that social disadvantage and poverty are related to dental disease (Sohn et al., 2007; Telford et al., 2011; Fisher-Owens et al., 2013) .
Broadly, our findings have important implications for future research and the development of policies and interventions aimed at reducing inpatient hospitalizations for NTDCs. Studies to date have focused on office-, emergency department-, and operating room-based dental care utilization for children and have overlooked inpatient hospitalization, which is the most costly method of managing caries-related dental problems . Post hoc analyses indicated that the average total charge for children with a NTDC-related hospitalization was $25,211 (compared with $18,061 for non-NTDC-related hospitalizations).
Over the 11-year period, NTDC-related hospitalizations cost nearly $500 million. Additional research is needed to monitor costs associated with hospitalizations for NTDCs. These data will play a critical role in the development of Federal and state dental health policies aimed at improving the oral health of children. In addition, NTDC-related hospitalization rates may be a useful benchmark for tracking the quality of health plans or systems and could be incorporated into national performance measures such as the Healthcare Effectiveness Data and Information Set (HEDIS) (NCQA, 2013) . While additional research is warranted before interventions can be developed, our findings support targeted preventive and behavioral interventions that focus on children at the greatest risk for NTDC-related hospitalization, including children with multiple CCCs. Such interventions will involve children and their caregivers as well as dentists, medical specialists, and other members of the health care team. Our study had limitations. First, we were unable to identify the specific reasons for the NTDC-related inpatient hospitalizations. Some children may have been admitted through the emergency department because of cellulitis, while others may have been transferred from an outpatient clinic or admitted for postgeneral anesthesia monitoring. Future studies should examine the reasons for NTDC-related hospitalizations. Second, not all states are included in the NIS. However, the 2010 NIS dataset included 45 states, and the hospitals are nationally representative (HCUP, 2013) . Third, our models included child-level covariates but did not include child-level behavioral or arealevel social determinants. Future work should consider merging other available datasets (e.g., U.S. Census Bureau Area Resource Files) with the NIS data and collecting primary data. Fourth, the income variable was not a direct measure of child-level household income but a proxy based on the child's residential ZIP Code. Fifth, our analyses were cross-sectional and based on secondary data. Despite these limitations, this study on pediatric inpatient hospitalizations for NTDCs is an important first step in reducing oral health disparities for children at risk for NTDCrelated hospitalizations.
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